An investigation for the analysis of polycyclic aromatic hydrocarbons in airborne particulates using thermal desorption and gas chromatography-mass spectrometry is described. Samples are obtained from ambient air using fibreglass filters and the volatile material from the filter is thermally desorbed to gas chromatograph. A 30 meter capillary column is used to separate the hydrocarbons and eight polyaromatic hydrocarbons are used to test the method and recovery is >95%. The eight polycyclic aromatic hydrocarbons anthracene, phenanthrene, fluoranthrene, pyrene, benzo (a) anthracene, chrysene, benzo (a) pyrene and benzo (e) pyrene were the most abundant PAHs found in the samples of ambient air with current method at Uxbridge-London. Application of the measurement of polycyclic aromatic hydrocarbons in ambient air samples shows that the hydrocarbons trapped in the particle phase to a lesser degree at higher ambient temperature. In conclusion a method has been developed to transfer the PAHs in particle phase from a filter to GC-MS by thermal desorption. A standard mixture of PAHs, when absorbed onto the filter, did lead to strong analyte absorbent interactions by the high percent recovery of the sample.
Introduction
Polycyclic aromatic hydrocarbons (PAHs) and their derivatives are widespread harmful compounds generated by incomplete combustion of organic material emitted from a large variety of industrial processes, motor vehicles and residential heating. Motor vehicles are thought to be the major source of atmospheric PAHs. PAHs occur in particles (Bodzek, et al., 1994) or in the vapour phase and are often emitted into the atmosphere (Fromme, et al., 1998 and Nielsen, et al., 1996) . Some of these compounds eg benzo (a) pyrene have been classified as carcinogenic and mutagenic materials (Dipple, et al., 1999 and Wei, et al., 1996) . Because of the wide range of vapor pressures of PAHs, some are exclusively in the gas phase in the atmosphere while others are adsorbed on particulate matter (Noto, et al., 1996) . Several different analytical methods and sampling procedures have been described for the determination of PAHs in air. The most common sampling method involves pumping the air stream through a sample device (active sampling) fitted with a glass fiber filter device, which permits high flow rates. Compounds are then extracted from the filter with a solvent and the PAHs analyzed by high performance liquid chromatography with a fluorescence detector, by gas chromatography with a flame ionization detector, or by gas chromatography-mass spectrometry (Dabek-Zlotorzynska, et al., 1996 , Bjrseth, 1985 , Marvin, et al., 1999 and Hansen, et al., 1991 . Due to their volatility, losses of PAHs during extraction are unavoidable and extraction with solvents is not a sensitive method because it dilutes the sample. Other disadvantages of extraction with solvents are the potential toxicity of the solvent and the instability of samples during storage. Recovery of PAHs (Hansen, et al., 1991) by any extraction method is about 80 percent and as a consequence there can be failure to detect some compounds. The study describes a procedure for the determination of PAHs in air at particulate phase with thermal desorbtion that is more sensitive and gives a higher recovery of analyt than the solvent extraction method. The study has been performed in London in 1999.
Materials and Methods
An EPA 525 solvent standard of PAHs was used as standard sample. Helium, dry Air. A sampling pump model Dyma MI 1A connected to a filter holder with a teflon tube was used to obtain samples of particulate. Calibration and adjustment of the sampling flow rates was achieved using a flow meter connected between the sampler and the pump. A glass fiber filters with 3.7cm diameter and 0.2-μm pore sizes were used to trap samples of particulates in air. The Thermal Desorption Model 890/891 was used to recover samples from filter and transfer to GC-MS. An empty tube was used to hold the filter in thermal desorption.
A MD800 GCmass spectrometer, with a 30 m × 0.25 mm, 0.25 μm film capillary column was used for the separation and identification of polycyclic aromatic hydrocarbons. This column was coated with poly (5% diphenyl/ 95% dimethylsiloxane) which permits can be used up 320 °C. GC achieved the separation of the hydrocarbons and each component was scanned in the mass spectrometer as it was eluted from the column. The lab -base software from fisons was used to obtain a chromatogram from the total ion current. Each peak in the chromatogram was identified by automatically comparing the MS scan with those in the database. Weather monitor from Davis Company was used for measurement of temperature, humidity, barometric pressure, and wind speed and wind direction in the field trials of the method.
Analytical procedure
A known volume of air was drawn through a fiberglass filter by means of a sampling pump; the fiberglass filter was cut into small pieces and placed in an empty tube of two stages thermal desorption. The thermal desorption unit was set at optimum conditions of temperature, flow rate and length of time which are 340 ºC, 12-16 ml/min and 13-17 minutes. Compounds were transferred to a GC column in an oven and heated from 70 °C to 300 °C at a rate of 7 °C min -1 . The outlet of the GC column was connected to a quadrupole mass spectrometer for PAHs analysis. The chromatogram and mass spectrum of each component of the chromatogram was saved in computer format. Figure 1 shows the gas chromatogram of a sample taken in ambient air. The identifycation number of each scan is shown above the appropriate peak. The software in the system can compare each peak in the spectrum with the spectra of sixty two thousand compounds that are stored in the software library. Figure 2 shows the mass spectrum of scan number 1376 of the chromatogram in Figure 1 . Quantitative information was obtained from the area of the chromatogram peaks; areas were calibrated by injection of known amounts of a standard solution of 12 PAHs (EPA Supelco UK). Background corrections were made by performing the desorption procedure with a new unused fiberglass filter.
Test of method
To determine the analytical efficiency of procedure two experimental were done;
Static test
1-μl samples of specified amounts of mixed PAHs were added to a filter, filter store in freezer, after 1-4 hour each filter thermally desorbed into the GCMS. This analysis was performed 24 times.
Test of method in ambient air
To test the method for qualitative and quantitative analysis of PAHs, 55 samples of atmospheric particulate were collected on Uxbridge with fiberglass filters from ambient air at Uxbridge (west of London). The sampling was performed over 4 months and samples were collected at ground level and at 3 meters above ground level during the period, 09:00-17:00 hours, on working days. The average traffic densities covered the range 1000 vehicles/hour to 1400 vehicles/hour depending on the time of measurement. Samples were transferred directly to the laboratory for analysis. Several unexposed filters were analyzed to obtain baseline data. The wind speed at the sampling location covered the range 0-4.4 m s -1 over the sampling period.
Results
The results of static test were shown in Table 1 and indicate recoveries of PAHs were between 95 to 99.6% that high recovery. The benzo(a)pyrene has more recovery than other compounds with 99.6 % and benzo(e)pyrene
